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© A method of operating a double dome combus- 
tor (24) includes channeling compressed airflow 
through an inner dome (66) for generating inner 
combustion gases having an inner reference velocity 
greater than an outer reference velocity of outer 
combustion gases generated from compressed air- 
flow channeled through an outer dome (64), and 
diffusing the outer and inner combustion gases in 
outer and inner combustion zones (80,82). One dou- 
ble dome combustor (24) effective for practicing the 
method in accordance with the present invention 
includes outer and inner combustor liners (58,60) 



and domes (64,66), with the domes having outer and 
inner carburetors (68,76) disposed therein, respec- 
tively. The inner carburetors (76) are sized for gen- 
erating inner combustion gases in the inner combus- 
tion zone (82) having an inner reference velocity 
greater than an outer reference velocity of the outer 
combustion gases generated in the outer combus- 
tion zone (80). In a preferred embodiment, the com- 
bustor includes (24) an annular centerbody which, 
along with the combustor outer and inner liners 
(58,60), defines diverging outer and inner combus- 
tion zones. 




FIG. 2 
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Technical Field 

The present invention relates generally to com- 
bustors for aircraft gas turbine engines, and, more 
specifically, to a double dome combustor. 

Background Art 

Present combustors used in gas turbine en- 
gines for powering aircraft in flight include radially 
outer and inner combustion liners and a single 
annular dome joining upstream ends thereof. The 
single dome includes a plurality of circumferentially 
spaced carburetors each including a fuel injector 
nozzle and a conventional air swirler for providing a 
fuel/air mixture into the combustor. The combustor 
has a burning length defined between the dome at 
the fuel injector nozzle to the leading edge of a 
conventional turbine nozzle disposed at the outlet 
of the combustor. The combustor also has a dome 
annulus height measured between the outer and 
inner liners at the dome end of the combustor. 

Since the combustor is used in powering an 
aircraft in flight, it must operate over a wide range 
of power conditions from low power at ground idle 
to high power at takeoff, for example. Performance 
of the combustor is evaluated by several conven- 
tional parameters including the degree of uniformity 
of the combustion gas exit temperature, as repre- 
sented by the conventionally known profile and 
peak pattern factors, efficiency of combustion, and 
the amount of exhaust emissions from low to high 
power operation. A relatively large length-to-height 
ratio is generally desirable for obtaining acceptable 
combustion gas exit temperature uniformity and 
relatively low unburned hydrocarbon and CO emis- 
sions. However, a relatively large length-to-height 
ratio results in a relatively long combustor which is 
generally undesirable for its relative increase in 
weight and surface area which requires cooling, 
and for the increased production of NO x emissions. 
Combustion gas residence time is the amount of 
time combustion occurs in the combustor and rela- 
tively long residence times reduce unburned hy- 
drocarbons and CO but increase NO x production 
when at^high temperature. 

Accordingly, it is a primary objective in gas 
turbine engine combustor design to have relatively 
compact and short combustors which provide a 
good balance between competing objectives in- 
cluding reduced exhaust emissions, reduced 
weight, and acceptable exit temperature uniformity. 
Combustors which are too short result in undesira- 
ble and excessive gas temperatures for a given 
annulus height, for example, or flame instability, or 
both, where dome height and burning length are 
reduced excessively. 

Improved gas turbine engine combustor con- 



cepts have been studied for improving efficiency 
thereof while obtaining reduced exhaust emissions 
among other objectives. One such study includes 
the National Aeronautics and Space Administration 
5 (NASA) Energy Efficient Engine (E 3 ) program in 
which advanced, short length, double annular or 
double dome combustors were designed and eval- 
uated. A double dome combustor, such as for 
example, the E 3 combustor, includes two parallel 

70 radially outer and inner combustion zones each 
having a burning length-to-dome height ratio. The 
double dome combustor includes an outer dome 
having a plurality of circumferentially spaced outer 
carburetors therein, and an inner dome having a 

75 plurality of circumferentially spaced inner carbure- 
tors therein. Each of the length-to-height ratios is 
generally equal to conventional single dome length- 
to-height ratios for obtaining acceptable perfor- 
mance, while obtaining a relatively short combus- 

20 tor. For example, a double dome combustor can be 
sized for replacing a comparable single dome com- 
bustor having equivalent dome airflow in about half 
its length since if both the length and dome heights 
are reduced in half, the same length-to-height ratio 

25 can be obtained in half the length. Since each of 
the length-to-height ratios of the two combustion 
zones in the double dome combustor is generally 
equal to the length-to-height ratio of the corre- 
sponding single dome combustor, the equivalent 

30 exit temperature pattern factor can be achieved 
with a 50% reduction in combustor length. The 
combustion zone residence time is also reduced 
by about 50%. 

Accordingly, conventional double dome com- 

35 bustors as studied in the literature can be effective 
for reducing overall combustor size while obtaining 
comparable or improved performance over the 
wide power range required during operation of an 
aircraft gas turbine engine. 

40 However, various double dome combustor con- 

cepts are known in the literature which operate at 
varying degrees of efficiency and performance, and 
have different sizes. It is generally desirable to 
obtain yet further decreases in combustor length 

45 for further reducing weight and surface area, and 
therefore reducing cooling air requirements thereof, 
while still obtaining acceptable low to high power 
operation including reduced exhaust emissions and 
acceptable mixing of the combustion gases and 

50 dilution air for obtaining acceptably uniform com- 
bustion gas exit temperatures. 

Objects of the Invention 

55 Accordingly, one object of the present inven- 

tion is to provide a new and improved double dome 
combustor for use in an aircraft gas turbine engine 
operable from low to high power conditions, and a 
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new improved method of operation. 

Another object of the present invention is to 
provide a double dome combustor having a de- 
creas d length. 

Another object of the present invention is to 
provide a double dome combustor having a de- 
creased dome height. 

Another object of the present invention is to 
provide a double dome combustor having de- 
creased combustion gas residence time. 

Disclosure of Invention 

A method of operating a double dome combus- 
tor includes channeling compressed airflow through 
an inner dome for generating inner combustion 
gases having an inner reference velocity greater 
than an outer reference velocity of outer combus- 
tion gases generated from compressed airflow 
channeled through an outer dome, and diffusing 
the outer and inner combustion gases in outer and 
inner combustion zones. One double dome com- 
bustor effective for practicing the method in accor- 
dance with the present invention includes outer and 
inner combustor liners and domes, with the domes 
having outer and inner carburetors disposed there- 
in, respectively. The inner carburetors are sized for 
generating inner combustion gases in the inner 
combustion zone having an inner reference velocity 
greater than an outer reference velocity of the outer 
combustion gases generated in the outer combus- 
tion zone. In a preferred embodiment, the combus- 
tor includes an annular centerbody which, along 
with the combustor outer and inner liners, defines 
diverging outer and inner combustion zones. 

Brief Description of Drawings 

The novel features believed characteristic of 
the invention are set forth and differentiated in the 
claims. The invention, in accordance with a pre- 
ferred, exemplary embodiment, together with fur- 
ther objects and advantages thereof, is more par- 
ticularly described in the following detailed descrip- 
tion taken in conjunction with the accompanying 
drawing in which: 

Figure 1 is a longitudinal sectional schematic 
representation of an aircraft gas turbine turbofan 
engine having a double dome combustor in ac- 
cordance with one embodiment of the present 
invention. 

Figure 2 is a longitudinal sectional view of the 
double dome combustor illustrated in Figure 1 , 
including the structures adjacent th reto. 
Figure 3 is an enlarged longitudinal sectional 
view of the combustor illustrated in Figure 2. 

Mode(s) For Carrying Out the Invention 



Illustrated in Figure 1 is a longitudinal sectional 
schematic view of a high bypass turbofan engine 
10 effective for powering an aircraft (not shown) in 
flight. The engine 10 includes a conventional fan 12 
5 disposed inside a fan cowl 14 having an inlet 16 for 
receiving ambient airflow 18. Disposed downstream 
of the fan 12 is a conventional low pressure com- 
pressor (LPC) 20 followed in serial flow commu- 
nication by a conventional high pressure compres- 
70 sor (HPC) 22, a combustor 24 in accordance with a 
preferred and exemplary embodiment of the 
present invention, a conventional high pressure tur- 
bine nozzle 26, a conventional high pressure tur- 
bine (HPT) 28, and a conventional low pressure 
75 turbine (LPT) 30. The HPT 28 is conventionally 
fixedly connected to the HPC 22 by an HP shaft 
32, and the LPT 30 is conventionally connected to 
the LPC 20 by a conventional LP shaft 34. The LP 
shaft 34 is also conventionally fixedly connected to 

20 the fan 12. The engine 10 is symmetrical about a 
longitudinal centerline axis 36 disposed coaxially 
with the HP and LP shafts 32 and 34. 

The fan cowl 14 is conventionally fixedly at- 
tached to and spaced from an outer casing 38 by a 

25 plurality of circumferentially spaced conventional 
struts 40 defining therebetween a conventional an- 
nular fan bypass duct 42. The outer casing 38 
surrounds the engine 10 from the LPC 20 to the 
LPT 30. A conventional exhaust cone 44 is spaced 

30 radially inwardly from the casing 38 and down- 
stream of the LPT 30, and is fixedly connected 
thereto by a plurality of conventional, circumferen- 
tially spaced frame struts 46 to define an annular 
core outlet 48 of the engine 10. 

35 During operation, the airflow 18 is compressed 

in turn by the LPC 20 and HPC 22 and is then 
provided as pressurized compressed airflow 50 to 
the combustor 24. Conventional fuel injection 
means 52 provide fuel 52a (Figure 2) to the com- 

40 bustor 24 which is mixed with the compressed 
airflow 50 and undergoes combustion in the com- 
bustor 24 for generating combustion discharge 
gases 54. The gases 54 flow in turn through the 
HPT 28 and the LPT 30 wherein energy is ex- 

45 tracted for rotating the HP and LP shafts 32 and 34 
for driving the HPC 22, and the LPC 20 and fan 12, 
respectively. 

Illustrated in Figure 2 is a longitudinal sectional 
view of the combustor 24 in accordance with one 

50 embodiment of the present invention. Disposed up- 
stream of the combustor 24 is a diffuser 56 which 
reduces the velocity of the compressed airflow 50 
received from the HPC 22 for increasing its pres- 
sure and channeling the pressurized airflow 50 to 

55 the combustor 24. 

The combustor 24 includes annular, radially 
outer and inner liners 58 and 60, respectively, 
disposed coaxially about the centerline axis 36. 
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mixture 78 from the outer combustion gases 54a. 
Furthermore, the diffusing effect on the outer com- 
bustion gases 54a provides a local increase in 
residence time of the outer combustion gases 54a 
which reduces exhaust emissions, for example un- 
burned hydrocarbons and CO, as well as for pro- 
viding improved profile and peak pattern factors at 
the outlet 62. 

In the preferred embodiment, an increased rate 
of diffusion of the outer combustion gases 54a is 
obtained by utilizing an outer liner 58 which is 
convex radially outwardly in longitudinal section as 
illustrated in Figure 2 between the outer liner up- 
stream end 58a and the outer liner downstream 
end 58b in the outer combustion zone 84. In this 
way, an increased rate of diffusion of the outer 
combustion gases 54a may be obtained from the 
outer dome 64 at the discharge of the outer car- 
buretors 68 to at least the centerbody aft end 100. 

In a preferred embodiment, the outer liner 58, 
centerbody walls 96, 98, and the inner liner 60 are 
configured for maximizing the rate of flow area 
increase within the available length between the 
domes 64, 66 and the centerbody aft end 100 
while maintaining diffusion of the combustion gases 
54a, 54b. 

Illustrated in Figure 3 is an enlarged longitudi- 
nal sectional view of the combustor 24 illustrated in 
Figure 2. The compressed airflow 50 provided from 
the HPC 22 is channeled in part through the outer 
and inner domes 64 and 66 for generating the 
outer and inner combustion gases 54a and 54b; 
and in part through the dilution holes 108 in the 
outer and inner liners 58 and 60 for providing 
dilution of the combustion gases; and in part 
through conventional liner cooling holes 110, only 
an exemplary one of which is shown in each of the 
outer and inner liners 58 and 60 for providing bore 
and film cooling of the liners. A portion of the 
compressed airflow 50 is also provided through the 
centerbody inlet 102 for cooling the centerbody 92 
through film cooling holes 112 and through the 
centerbody dilution apertures 106 for additionally 
supporting dilution of the combustion gases 54. 

The outer and inner domes 64 and 66 are 
predeterminedly sized for having respective dome 
annulus areas conventionally proportional to re- 
spective dome annulus heights H G and Hj, mea- 
sured between the outer liner 58 and the center- 
body outer wall 96, and the inner liner 60 and the 
centerbody inner wall 98 at the outlet ends of the 
outer and inner carburetors 68 and 76, respec- 
tively. The outer and inner domes 64 and 66 are 
predeterminedly sized for receiving from the com- 
pressor 22 a portion of the compressed airflow 50 
having a dome total weight, or mass, flowrate W. 
The outer carburetors 68, in particular the swirlers 
74 thereof, are predeterminedly sized for channel- 



ing the outer portion 50a of the compressed airflow 
50 having a first portion Wi of the total dome 
flowrate W through the outer dome 64 into the 
outer combustion zone 84, which is mixed with the 
5 fuel 52a, for generating the outer fuel/air mixture 70 
having an outer reference velocity V D which is 
conventionally effective for obtaining acceptable ig- 
nition and flame stability, among other conventional 
performance parameters at and above the ground 
to idle power condition. The outer fuel/air mixture is 
ignited by the igniter 90 for generating the outer 
combustion gases 54a which also flow at the outer 
reference velocety V D . 

A conventional combustor is designed for ob- 
15 taining a comparable reference velocity (V D )which 
is relatively low for providing acceptable ignition 
and low power operation of the combustor. The 
reference velocity may be defined as the mass or 
weight flowrate of the airflow channeled through the 
20 flow area divided by the product of the density of 
the compressed airflow channeled to the dome and 
the collective flow area in the carburetors for chan- 
neling compressed airflow into the combustor. The 
reference velocity is generally uniform from low to 
25 high power operation of the combustor since den- 
sity and flowrate are inversely proportional to each 
other. A relative/y low reference velocity is pro- 
vided for obtaining relatively long combustor resi- 
dence times for reducing unburned hydrocarbons 
30 and CO emissions, for providing acceptable 
flameout margin, for providing acceptable ground 
and air starting, and for obtaining acceptable flame 
stability among other conventional factors. 

However, the use of a relatively low reference 
35 velocity is a compromise, for example, with respect 
to exhaust emissions wherein unburned hydrocar- 
bons and CO emissions decrease as the reference 
velocity decreases, and NO x emissions increase as 
the reference velocity increases. By using the dou- 
40 ble annular combustor 24, the outer reference ve- 
locity V 0 may be maintained at conventional values 
of about 25 to 30 feet/second (about 7.6 to about 
9.1 meters/second) for obtaining relatively low un- 
burned hydrocarbon and CO emissions in the pilot 
45 burner 80 during low power operation, while in the 
main burner 82 a relatively high inner reference 
velocity may be maintained for obtaining improved 
performance including a reduction in NO x emis- 
sions from the combustor 24. 
so More specifically, the inner carburetors 76, in 

particular the swirlers 74, are predeterminedly siz- 
ed for channeling the inner portion 50b of the 
compressed airflow 50 having a second portion W2 
of the total dome flowrate W, wherein W is equal to 
55 Wi + W 2 , through the inner dome 66 into the 
inner combustion zone 86, which is mixed with the 
fuel 52a, for generating the inner fuel/air mixture 78 
having an inner reference velocity Vj which is 
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greater than the outer reference velocity V Q . The 
inner combustion gases 54b are generated from 
the inner fuel/air mixture 78 and therefore also flow 
at the inner reference velocity Vj. The conventional, 
outer reference velocity V Q provides acceptable 
ignition and flame stability in the pilot burner 80, 
whereas the relatively high inner reference velocity 
Vj in the main burner 82 provides improved perfor- 
mance including a reduction in NO x emissions dur- 
ing operation of the combustor 24 at high power 
levels greater than the ground idle power condition. 

More significantly, and in accordance with one 
feature of the present invention, the higher inner 
reference velocity Vj can be obtained by transfer- 
ring a portion of the compressed airflow 50 from 
the outer dome 64 to the inner dome 66 for obtain- 
ing a yet further decrease in length, as well as 
dome height, of the double dome combustor 24 as 
compared to conventionally studied double dome 
combustors such as the NASA/E 3 double dome 
combustor mentioned above. 

The significance of this advantage of the 
present invention may be appreciated by way of 
analogy. Take for example, an exemplary double 
dome combustor wherein the outer dome channels 
half of the dome airflow i.e. 50% W for obtaining a 
conventional reference velocity V ref in the outer 
burner, and the inner dome channels half of the 
dome airflow i.e. 50% W for obtaining the same 
reference velocity V ref in the inner burner. In this 
example, this reference double dome combustor 
also has a burner length to dome annulus height 
ratio i.e. L/H, for each of the outer and inner bur- 
ners which are equal to each other, and equal 
dome airflow areas 50%A ("A" being the total 
airflow area through both domes). 

Since the reference velocity V re< is directly 
proportional to the dome air flowrate and inversely 
proportional to the dome airflow area and density, 
the same reference velocity V ref (i.e. V re f = f(25% 
W/25% A)) may be obtained in a yet smaller dou- 
ble dome combustor by, for example, decreasing 
the area, or decreasing the dome height H, by half 
(i.e. 25% A) and by reducing the dome air flowrate 
also by half (i.e. 25% W). If the entire double dome 
combustor is reduced in length and dome height 
by half for obtaining a 1/2 reduction in dome flow 
area of the outer and inner burners (i.e. 25% A), 
then the reference velocity in the inner burner must 
at least double in value (i.e. 2V ref = f(50% W/25% 
A)) if the same amount of dome airflow (i.e. 50% 
W) is channeled through the resulting half flow area 
(i.e. 25% A). However, the half reduction in airflow 
in the outer dome (i.e. 25% W) may instead be 
provided in accordance with the present invention 
to the inner dome for yet further increasing the 
reference velocity therein another 50% (i.e. 3 V ref 
= f(75% W/25% A)). 



Accordingly, the initial double dome reference 
combustor having in the outer dome and in the 
inner dome equal flowrates 50% W, equal flow 
areas 50% A, equal L/H ratios, and equal reference 

5 velocities V ref , may be reconfigured to a second 
double dome combustor having half the length and 
half the respective dome height for obtaining the 
same L7H ratios in each of the outer and inner 
burners, and with 25% W channeled through the 

70 outer dome resulting in the same reference velocity 
V ref as in the reference double dome combustor, 
with 75% W through the inner dome resulting in 
three times the reference velocity in the inner bur- 
ner. 

75 By this analogy, the reference double dome 

combustor having the conventional reference ve- 
locity in the inner and outer burners, can be re- 
duced 50% in size, for example, with a resulting 
smaller double dome combustor also having the 

20 same reference velocity in the outer burner while 
obtaining a substantially higher reference velocity 
in the inner burner. Of course, the actual reduction 
in double dome combustor size must be deter- 
mined for each design application. A conventional, 

25 low reference velocity is maintained in the pilot 
burner, while an increase in reference velocity is 
obtained in the main burner, subject to conven- 
tional limits on acceptable performance of the com- 
bustor including for example, flameout margin, igni- 

30 tion, flame stability, and pressure loss resulting 
from combustion heat addition at relatively high 
Mach number. The combustor 24 can therefore be 
predeterminedly sized for being operated with the 
inner reference velocity of the main burner 82 

35 greater than the outer reference velocity of the pilot 
burner 80 for obtaining a yet smaller double dome 
combustor as compared to conventional double 
dome combustors. 

A method of operating the double dome com- 

40 bustor 24 in accordance with one embodiment of 
the present invention as described above therefore 
includes diffusing the outer and inner combustion 
gases for providing improved mixing thereof and 
channeling the compressed airflow to the outer and 

45 inner domes for obtaining the inner reference ve- 
locity greater than the outer reference velocity. In 
the preferred embodiment of the present invention, 
the inner reference velocity Vj being greater than 
the outer reference velocity V Q is obtained by chan- 

50 neling a larger portion of the dome total flowrate 
(i.e. W2) to the inner dome than to the outer dome 
(i.e. WO- More specifically, the method further in- 
cludes channeling the compressed airflow inner 
portion 50b through the inner dome 66 at the 

55 flowrate second portion W 2 which is greater than 
the flowrate first portion W1 so that the inner refer- 
ence velocity Vj is greater than the outer reference 
velocity V Q . 
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The maximum value of the inner reference 
velocity V, is about 100 feet/second (about 30 
meters/second) because of the conventional limits 
described above. In one embodiment of the 
present invention, the outer reference velocity is 
about 26 feet/second (about 8 meters/second) and 
the inner reference velocity is about 48 feet/second 
(about 15 meters/second). 

Again referring to Figure 3, the outer burner 80 
includes an outer burning length Lo defined from 
the outer carburetors 68 at the exit of the nozzle 72 
to about the midportion of the combustor outlet 62 
which is substantially identical to the inlet to the 
nozzle 26. The inner, main burner 82 similarly has 
an inner burning length Lj defined from the inner 
carburetors 76 at the exit of the nozzle 72 to about 
the midportion of the combustor outlet 62. The 
combustor 24 also has a pitch diameter D p defined 
as the diameter at the center of the forward end 94 
of the centerbody 92. In the preferred embodiment, 
the outer burning length Lq and the inner burning 
length U are generally equal, for example about 6.7 
inches (about 17 cm), the outer dome height H G is 
about 2.7 inches (about 6.9 cm), the inner dome 
height Hi is about 2.1 inches (about 5.3 cm), and 
the pitch diameter D p is about 32 inches (about 81 
cm). The length-to-height ratio Lq/H 0 of the outer 
burner 80 is about 2.5 and the length to height ratio 
Li/Hi of the inner burner 82 is about 3.2. 

Accordingly, a relatively compact double dome 
combustor 24 is provided in accordance with the 
present invention, which is relatively small when 
considering the relatively large pitch diameter D p . 
The length-to-pitch diameter ratio Lj/Dp is about 
0.21 in the preferred embodiment which is substan- 
tially less than that of conventional single annular 
combustors, and is less than the length-to-pitch 
diameter ratio of the NASA/E 3 double dome com- 
bustor which was about .3. The burning lengths of 
the NASA/E 3 combustor were about 7.0 inches 
(about 18 cm), and the pitch diameter through the 
centerbody thereof was about 23.6 inches (60 cm). 
The present double dome combustor 24 has a 
shorter burning length (Lo and Lj), while having a 
substantially larger pitch diameter. The burning 
lengths U, and U are less than 7.0 inches (less 
than 18 cm) and may even be less than 6.7 inches 
(17 cm) in accordance with the present invention. 

The double dome combustor 24 in accordance 
with the present invention is effective for obtaining 
improved low power operation from start up to 
ground idle wherein only the pilot burner 80 is in 
operation with acceptable ground and air starting 
capability, acceptable flameout margin, and rela- 
tively low unburned hydrocarbons and CO emis- 
sions. The pilot burner 80 is effective for obtaining 
acceptable flame stability, and may be operated at 
a lean equivalence ratio, i.e. at ratios of the fuel/air 



mixture to the stoichiometric fuel/air ratio less than 
1, with the relatively low outer reference velocity 
resulting in relatively long combustor resid nee 
time. 

s At high power operation above ground idle and 

through cruise and takeoff power conditions, the 
combustor 24 is effective for obtaining reduced 
NO x and smoke emissions, acceptably uniform 
combustion gas exit temperatures at the outlet 62, 

10 and relatively high combustion efficiency. The inner 
combustion gases 54b flow at a relatively high 
velocity which provides relatively high turbulence of 
the combustion gas flow which provides relatively 
rapid mixing thereof and mixing with the dilution air 

75 104. At cruise conditions, a relatively low, lean 
equivalence ratio for the inner fuel/air mixture 78 
may be obtained in the inner dome 66 with a 
relatively low, lean equivalence ratio for the outer 
fuel/air mixture 70 in the outer dome 64 for obtain- 

20 ing effective operation of the combustor 24. These 
lean equivalence ratios may be about twenty-five 
percent less than those found in conventional com- 
bustors. The relatively low equivalence ratio in the 
inner dome 66 of the main burner 82 is effective 

25 for providing reduced NO x emissions, and the NO* 
emissions may be further reduced by the relatively 
high velocity of the inner combustion gases 54 as 
represented by the relatively high inner reference 
velocity V { . The combustion residence time in the 

30 main burner 82 is, therefore, substantially less than 
the combustion residence time in the pilot burner 
80, and in the preferred embodiment is about half 
the value thereof. 

While there has been described herein what is 

35 considered to be a preferred embodiment of the 
present invention, other modifications of the inven- 
tion shall be apparent to those skilled in the art 
from the teachings herein, and it is, therefore, de- 
sired to be secured in the appended claims all 

40 such modifications as fall within the true spirit and 
scope of the invention. 

Claims 

45 1. A method of operating a double dome com- 
bustor at and above an idle power condition to 
a full power condition, said combustor having 
spaced apart radially outer and inner liners, 
and radially outer and inner domes joined to 

50 upstream ends of said outer and inner liners 

for defining outer and inner combustion zones 
extending downstream from said outer and in- 
ner domes, respectively, said combustor being 
provided with fuel and with compressed air- 

55 flow, having a dome total airflow flowrate, to 

both said outer and inner domes, said method 
comprising: 

channeling an outer portion of said com- 
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pressed airflow having a first portion of said 
total dome flowrate through said outer dome 
into said outer combustion .zone for generating 
outer combustion gases having an outer refer- 
ence velocity effective for obtaining ignition 5 
and flame stability at and above said flight idle 
power condition; 

channeling through said inner dome into 
said inner combustion zone above said flight 
idle power condition and up to said full power w 
condition an inner portion of said compressed 
airflow having a second portion of said total 
dome flowrate for generating inner combustion 
gases having an inner reference velocity great- 
er than said outer reference velocity; ;s 

diffusing said outer combustion gases in 
said outer combustion zone; and 

diffusing said inner combustion gases in 
said inner combustion zone. 

20 

2. A method of operating a double dome com- 
bustor according to claim 1 further including: 

channeling said compressed airflow inner 
portion through said inner dome at said 
flowrate second portion greater than said 25 
flowrate first portion so that said inner refer- 
ence velocity is greater than said outer refer- 
ence velocity. 

3. A method of operating a double dome com- 30 
bustor according to claim 1 further including 
channeling said compressed airflow outer por- 
tion through said outer dome for obtaining said 
outer reference velocity of about 26 
feet/second (about 8 meters/second) and chan- 35 
neling said compressed airflow inner portion 
through said inner dome for obtaining said 
inner reference velocity of up to about 100 
feet/second (up to about 30 meters/second). 

40 

4. A double dome combustor for a gas turbine 
engine operable at and above an idle power 
condition to a full power condition compris- 
ing: 

an annular, radially outer liner having up- 45 
stream and downstream ends; 

an annular, radially inner liner having up- 
stream and downstream ends and being 
spaced inwardly from said outer liner; 

an annular, radially outer dome joined to 50 
said outer liner upstream end and having a 
plurality of circumferentially spaced outer car- 
buretors therein for providing an outer fuel/air 
mixture into said combustor; 

an annular, radially inner dome joined to 55 
said inner liner upstream end and having a 
plurality of circumferentially spaced inner car- 
buretors therein for providing an inner fuel/air 



mixture into said combustor; 

said outer and inner liners and domes de- 
fining therebetween outer and inner combus- 
tion zones extending downstream from said 
outer and inner domes, respectively, for gen- 
erating therein outer and inner combustion 
gases from said outer and inner fuel/air mix- 
tures, said outer and inner combustion zones 
each being diverging in a downstream direc- 
tion from said outer and inner domes, respec- 
tively; 

said outer and inner liners further defining 
therebetween an annular dilution zone in flow 
communication with said outer and inner com- 
bustion zones for receiving and mixing said 
outer and inner combustion gases; 

said outer and inner domes being sized for 
receiving from a compressor compressed air- 
flow having a dome total flowrate; 

said outer carburetors being sized for 
channeling an outer portion of said com- 
pressed airflow having a first portion of said 
total dome flowrate through said outer dome 
into said outer combustion zone for generating 
said outer combustion gases having an outer 
reference velocity effective for obtaining igni- 
tion and flame stability at and above said flight 
idle power condition; and 

said inner carburetors being sized for 
channeling an inner portion of said com- 
pressed airflow having a second portion of said 
total dome flowrate through said inner dome 
into said inner combustion zone for generating 
said inner combustion gases having an inner 
reference velocity greater than said outer refer- 
ence velocity. 

5. A double dome combustor according to claim 
4 further including an annular centerbody hav- 
ing: 

a forward end fixedly joined to said outer 
and inner domes; 

radially spaced apart outer and inner walls 
extending downstream from said forward end; 
and 

an aft end; 

said centerbody outer wall and said outer 
liner defining therebetween said diverging out- 
er combustion zone; 

said centerbody inner wall and said inner 
liner defining therebetween said diverging in- 
ner combustion zon ; 
and 

said dilution zone being defined betwe n 
said outer and inner liners downstream of said 
centerbody aft end. 

6. A double dome combustor according to claim 
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5 wherein said centerbody outer and inner 
walls converge from said forward end to said 
aft end thereof. 

7. A double dome combustor according to claim 5 

6 wherein said outer liner is convex radially 
outwardly between said outer liner upstream 
end and said outer liner downstream end for 
diffusing said outer combustion gases in said 
outer combustion zone. 10 



13. A double dome combustor according to claim 

12 wherein said outer and inner burning 
lengths l_o and U are about 6.7 inches (about 
17 cm). 

14. A double dome combustor according to claim 

13 wherein the length-to-pitch diameter ratio 
U/Dp is about 0.21. 



8. A double dome combustor according to claim 

7 wherein said inner and outer carburetors are 
sized for channeling said compressed airflow 
inner portion through said inner dome at said 75 
flowrate second portion greater than said 
flowrate first portion so that said inner refer- 
ence velocity is greater than said outer refer- 
ence velocity. 

20 

9. A double dome combustor according to claim 

8 wherein said inner and outer carburetors are 
sized for obtaining said outer reference ve- 
locity of about 26 feet/second (about 8 
meters/second) and said inner reference ve- 25 
locity of up to about 100 feet/second (up to 
about 30 meters/second). 



10. A double dome combustor according to claim 

7 wherein said combustor further includes: 30 

an outlet joining said downstream ends of 
said outer and inner liners for discharging said 
outer and inner combustion gases; 

an outer burning length U defined from 
said outer carburetors to said outlet; 35 

an inner burning length Lj defined from 
said inner carburetors to said outlet; 

an outer dome height H G defined between 
said combustor outer liner and said centerbody 
outer wall; 40 

an inner dome height Hj defined between 
said combustor inner liner and said centerbody 
inner wall; 

a pitch diameter D p defined at said center- 
body; 45 
and 

the outer length-to-height ratio Lo/H 0 is 
about 2.5, and the inner length-to-height ratio 
LVHj is about 3.2. 

50 

11. A double dome combustor according to claim 
10 wherein the length-to-pitch diameter ratio 
L { /Dp is about 0.21. 

12. A double dome combustor according to claim 55 
10 wherein said outer and inner burning 
lengths U, and U are generally equal. 
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